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All these methods start by observing behaviour for a certain period of time after which the outcomes of the dominance encounters are arranged in a matrix. When sufficient interactions between the contestants have been observed, a rank ordination method is used that yields a dominance order that is presumed to have existed during the whole observation period. Basically this means that it is assumed that specific interactions between two individuals reflect the dominance order rather than influence it.
In this paper we present the Elo-rating method which provides sequential estimations of individual dominance strengths based on the actual sequence of dominance interactions. From the values of the individual Elo-ratings an estimated rank order can be derived at any moment in time. Elo-rating was developed and subsequently named after Arpad Elo (1961 Elo ( , 1978 . It is intended and still used as a fair method for ranking chess players. The Elo-rating calculation procedure is based on the assumption that the chance of A winning from B is a function of the difference in current ratings of the two contestants. After each contest the Elo-ratings of the two contestants are updated in proportion to the deviation of the actual outcome (win, loss or tie) from the expected outcome for each of the two contestants. The expected outcome for a contestant is based on the rating difference of the two contestants at the moment of the contest. The winner's rating increases (and the loser's rating decreases) in proportion to the deviation from the expected outcome. As outstanding features of the Elo-rating method in comparison to other methods of estimating dominance strength, we mention that it is independent of the number of contestants (which may vary over time), it takes the sequence of interactions into account, and gives a continuous update so that the process of dominance strength acquisition can be followed from interaction to interaction. Our main aim is to present Elo-rating as a method for the sequential estimation of dominance strengths. However, from a different perspective it is also possible to consider the Elo-rating updating process as a model of the way in which dominance is generated within a group. The underlying model here is based on the positive (negative) reinforcement of some internal variable when an individual wins (loses) a dominance interaction. We also briefly discuss the application of Elo-rating in a simulation modelling context.
The Elo-rating Method
In this section we present the Elo-rating method in some detail (see e.g. Elo 1961 Elo , 1978 Batchelder & Bershad 1979) .
The rating of the winner of the contest is increased by an amount that depends on the chance of winning: the amount is small if the chance of winning is high and vice versa. Thus, a win by a high-rating individual (A) over a low-rating individual (B) increases A's rating only by a small value and decreases B's rating by the same small value. For example, if A (Elo-rating 1200) meets B (Elo-rating 1000) , the difference 200 (1200 1000) corresponds to a chance
